We have studied haemodynamic responses to 0, 0.25, 0.5, 0.75 
The use of isoflurane for inducing hypotension during neurosurgery is well established [1, 2] . Its haemodynamic effects have been studied in volunteers breadiing room air [3] and in surgical patients receiving nitrous oxide [4] . Because of its favourable pharmacokinetic [5] [6] [7] and cerebrovascular [8, 9] profile, propofol is used increasingly for maintenance of anaesthesia during neurosurgery. However, haemodynamic properties of isoflurane during propofol anaesthesia have not yet been documented. As both isoflurane and propofol reduce systemic vascular resistance (SVR) in a dose-dependent manner, [3, 10] , we felt that haemodynamic evaluation of simultaneous use was indicated before further clinical evaluation as a hypotensive technique. Therefore we designed this cross-over dose-response study in which the haemodynamic responses to different concentrations of isoflurane during continuous administration of propofol were evaluated.
PATIENTS AND METHODS
The study was approved by the University Ethics Committee. We studied patients, ASA I-II, undergoing major surgery. Patient consent was obtained the day before surgery. No patient had a history of pulmonary, cardiac, hepatic or renal disease. Premedication was with lorazepam 1 mg orally. After arrival of the patient in theatre, an i.v. cannula was inserted and 5 % glucose in Ringer solution was administered at a rate of 20 ml h" 1 . Anaesthesia was induced with a three-step infusion of propofol: 0.35 mg kg" 1 min" 1 for 5 min, 0.2 mg kg" 1 min" 1 for 10 min and 0.1 mg kg" 1 min" 1 for the remainder of the observation period. After loss of consciousness, pancuronium 0.08 mg kg" 1 was given, the trachea intubated and lungs ventilated with 40 % oxygen in air. End-tidal carbon dioxide partial pressure was maintained at 5.5 kPa (Capnomac, Datex). A SwanGanz catheter was inserted. Different concentrations of isoflurane (0, 0.25, 0.50, 0.75 and 1 MAC) were administered in random sequence (table I) and between the different steps sufficient time was provided to allow equilibrium to occur as judged by inspiratory and expiratory measurements of isoflurane concentrations (Capnomac, Datex, Finland). At each step, heart rate (HR), systemic arterial pressure (SAP), central venous pressure (CVP), pulmonary capillary wedge pressure (PCWP) and mean pulmonary artery pressure (MPAP) were recorded (HP 78353A) and cardiac output (CO) was measured in triplicate (Edwards CO computer). Blood-gas analysis was obtained at 0,0.5 and 1 MAC isoflurane (Instrumentation Laboratory BGM 1312). Haemodynamic variables were recorded when they (80) 91 (16) 93 (9) 12 (1) (11) 87 (10) 12 (1) 0.50 742 (77)** 85 (7) 76 (7) were stable after the equilibration period. After the study, fentanyl and pancuronium were administered and surgery commenced. Using standard formulae, the following variables were calculated: stroke volume (SV), systemic and pulmonary vascular resistance (SVR, PVR), left and right ventricular stroke work (LVSW, RVSW). Oxygen consumption (Vo 2 ), oxygen delivery (Z>o 2 ), oxygen extraction ratio (ERo s ), arteriovenous oxygen difference (Ca Oi -Cv Oi ) and shunt fraction (Qs/Qt) were also calculated.
Data were analysed statistically by one-way analysis of variance and Wilcoxon signed rank test as appropriate.
RESULTS
. We studied 10 patients (six male) of mean age 48 yr (range 30-61 yr), mean weight 76 (SEM 3) kg (range 62-90 kg), mean height 171 (3) cm (range 154-187 cm) and mean body surface area 1.88 (0.04) m 1 (range 1.70-2.03 m 1 ). The mean (SEM) time between start of the propofol infusion and the first measurement was 51 (7) min. Mean time between measurements was 14 (5) min. As three consecutive cardiac output measurements were performed for one evaluation, necessitating 10 ml of saline on each attempt, total fluid infusion rate was approximately 140 ml h" (table II) . SV increased initially by 5% with small MAC values, but was reduced by 4 % at 1 MAC isoflurane. CO increased by 9 % at 0.25 MAC and 3 % at 1 MAC. None of these changes was significant.
A dose-dependent and significant reduction in SAP was apparent at 0.25 MAC and there was a 29% decrease at 1 MAC (P < 0.01). SVR decreased gradually with increasing isoflurane concentrations and was reduced to a minimum at 1 MAC (P < 0.01), which corresponded to a 38% reduction compared with control values (table III) . The calculated LVSW showed a similar decrease, to a maximum reduction of 33% at 1 MAC (P < 0.01).
CVP and PCWP were maintained within control values. MPAP, PVR and RVSW decreased by 13 %, 10% and 17%, respectively, (ns) (table II) (table III) . DISCUSSION We found that administration of isoflurane at doses up to 1 MAC during a zero-order propofol infusion decreased SAP, SVR and LVSW in a dosedependent fashion, without affecting CO, SV or HR. MPAP, PVR and RVSW decreased, but not significantly. Haemodynamic variables after 60 min of an identical zero-order infusion of propofol in another report [10] were similar, with the exception of SAP, SVR and LVSW. These differences in haemodynamic data may be attributable to our selection of younger patients in this study; clearance of propofol is diminished in the elderly [11] and cumulation of the drug may have led to a different haemodynamic response in the patients of Claeys and colleagues [10] . A larger infusion regimen (0.2 mgkg~1min" 1 ) with the same induction dose or preoperative drug therapy could have been responsible for the smaller values for CO, SV and SAP found in 11 patients scheduled for coronary surgery [12] .
In our study, MAC concentrations of isoflurane were given in random, rather than increasing or decreasing, order. By abolishing the time factor in this study, we have neutralized the possible effect of accumulation of propofol in the deep compartment on the haemodynamic observations. Indeed, although plasma concentrations of propofol seemed to change very little over several hours of infusion, modification of pharmacokinetic values, caused by changes in hepatic blood flow during administration of isoflurane [13] , cannot be excluded. Isoflurane was evaluated in similar circumstances in combination with 50% nitrous oxide using non-invasive monitoring [14] . SAP, HR and CO were greater compared with our values, while SV was similar after 5 min ventilation with 1.3 vol % isoflurane. These differences might result from the sympathomimetic activity of nitrous oxide [4, 15, 16] .
In two reports in which 1.2 vol % isoflurane in oxygen was evaluated, CO did not change compared with control, as shown in our study [4, 17] . In those reports, HR increased significantly and SV diminished equally, whereas in our study only a moderate increase in HR and concomitant decrease in SV were observed. Although animal data suggest that isoflurane by itself may be responsible for reducing HR, either by decreasing sinus rate [18] or by attenuating arterial baroreceptor control [19, 20] , the lack of increase in HR in our study was probably caused by propofol. The underlying mechanism for this phenomenon is the resetting of the baroreceptor set point as shown in the rabbit [21] and man [2] or a direct effect on sinus activity [23] . When administered in air at the same [24] or somewhat greater concentration [25] in patients with coronary artery disease, isoflurane tended to produce a greater HR and SAP and a smaller CO compared with our study. Greater values of SVR have been reported also [25] . An additive effect of propofol may account for the differences in SAP and SVR [8] , whereas preoperative cardioprotective medication, impaired ventricular wall motility, or both, may have had an effect, as CI was decreased in these patients. Similar haemodynamic findings were observed in the control series of a study demonstrating constant shunt fractions during hypotension with isoflurane [26] -a finding that we confirmed in our study, even in the presence of propofol.
In conclusion, we have demonstrated that isoflurane supplementation of propofol anaesthesia was associated with a dose-dependent decrease in SAP resulting from a reduction in SVR and not in SV or CO. Although further documentation on cerebral blood flow and metabolism with this technique is mandatory, we think its use could offer advantages during neurosurgery.
